The ferroelectric (Sm C * ) -antiferroelectric (Sm C * A ) -reentrant ferroelectric (re Sm C * ) phase temperature sequence was observed for system with competing synclinic -anticlinic interactions. The basic properties of this system are as follows (1) the Sm C * phase is metastable in temperature range of the Sm C * A stability (2) the double inversions of the helix handedness at Sm C * -Sm C * A and Sm C * A -re-Sm C * phase transitions were found (3) the threshold electric field that is necessary to induce synclinic ordering in the Sm C * A phase decreases near both Sm C * A -Sm C * and Sm C * A -re-Sm C * phase boundaries, and it has maximum in the middle of the Sm C * A stability region. All these properties are properly described by simple Landau model that accounts for nearest neighboring layer steric interactions and quadrupolar ordering only.
Sm C *
A and Sm C * A -re-Sm C * phase transitions were found (3) the threshold electric field that is necessary to induce synclinic ordering in the Sm C * A phase decreases near both Sm C * A -Sm C * and Sm C * A -re-Sm C * phase boundaries, and it has maximum in the middle of the Sm C * A stability region. All these properties are properly described by simple Landau model that accounts for nearest neighboring layer steric interactions and quadrupolar ordering only. Typeset using REVT E X 1 There are two types of tilted smectic phases with liquid like in-layer order, synclinic (Sm C) phase in which molecules are tilted in all layers in the same direction, and anticlinic (Sm C A ) phase in which tilt direction alternates when going from one smectic layer to another. For the chiral tilted systems the spontaneous electric polarization in the smectic layers along the c × n direction is allowed, where c is projection of the tilt onto the smectic layer and n is the layer normal. In result the synclinic Sm C phase acquires ferroelectric (Sm C * ) properties. The anticlinic SmC A phase becomes antiferroelectric phase (Sm C * A ) since the P s is canceled out in two consecutive layers as the c vector direction alternates [1] .
For some liquid crystals the free energy of the synclinic and the anticlinic structure is very similar and the type of the tilted phase formed can be tuned by very slight modifications in molecular structure. It could be observed that within the same homologue series, when the length of the terminal alkyl chain is changed, some homologues exhibit synclinic (ferroelectric) Sm C * while the others anticlinic (antiferroelectric) Sm C * A phase, and usually more complicated behavior than simple odd-even function of alkyl chain length takes place [2] . When competing interactions of comparable strength are present, one can also expect more complex temperature sequence of polar phases. In chiral materials, between synclinic and anticlinic phases the number of intermediate phases with ferrielectric order are sometimes detected [3] . The competing synclinic -anticlinic interactions might also lead to the re-entrancy of the ferroelectric order. We will show that when the temperature is lowered, instead of simple Sm C * -Sm C * A phase sequence, the Sm C * phase re-appears below Sm C * A phase.
On the phase diagram of the mPIRn [4] , with chemical formula given on Fig. 1 , m is number of carbon atoms in achiral tail and n is number of carbon atoms in a chain attached to the chiral center homologue series, in which m is fixed to 8 and n is changed (Fig.2) , the phase sequence Sm C * -Sm C * A -re-Sm C * -Sm I is observed for compounds with n = 2, 3 and Sm C * -Sm C * A -re-Sm C * -Sm B cry for n = 4. In materials with longer chiral tail, n = 5, 6 the Sm C * A phase disappears and only one tilted phase, ferroelectric Sm C * is present. When the chiral end is fixed to n = 4 and the non-chiral end is changed ferroelectric Sm C * and re-Sm C * phases (Fig.3a) . The transition to antiferroelectric Sm C * A phase is marked by sudden suppression of the phason mode, where no dielectric mode was found within the studied frequency range (20 Hz -300 kHz).
In thin, 2 micron, cells in which interactions from the surfaces favoring ferroelectric order become more significant, we observed suppression of the antiferroelctric order (Fig.3b) . In such cells in the whole range of tilted smectic phases the Goldstone mode was detected, with significantly higher relaxation frequency than observed in thicker cells [5] . In cells with intermediate thickness, in the temperature range of SmC A phase stability, the clusters of both Sm C * and Sm C * A phases are observed, and the number of Sm C * clusters increases when the thickness decreases [6] .
The proper order parameter to describe transition between tilted smectic phases is vector
given by ξ j = θ (cos ϕ j , sin ϕ j ), where θ is the magnitude of the tilt and the azimuthal angle ϕ j describes the tilt direction in the j-th layer. Since the synclinic -anticlinic -synclinic phase sequence is observed in enantiomers and their racemate mixture, we can assume that for the studied system the chiral interactions as well as polar interactions between layers are negligible. Thus the Landau free energy density expansion can be written as
where the only temperature dependent parameter is a 0 = a(T −T 0 ), T 0 being transition temperature from orthogonal to the tilted smectic phase in the absence of interlayer correlations. A phase, the free energy (1) can be re-written as
The effective interlayer interactions are determined by sign of a 1ef = (a 1 + a
negative the interlayer interactions enforce synclinic tilt in the neighboring layers, if positive anticlinic structure is favored. On microscopic level, the sign of a 1ef term results from competing interactions e.g. molecular interpenetration through the layers benefits negative sign while strong attractive van der Waals interactions between molecules from neighboring layers benefit positive sign. Positive sign also favour antiparallel dipolar ordering of in neighboring layers and can be significant in systems with strong electrostatic interactions [7] .
The observed re-appearance of the Sm C * phase raises the question what is the driving force to this phenomenon. From the expression for a 1ef can be deduced that reentrant phe-5 nomenon could be observed in systems where a 1ef changes its sign at two different temperatures. This could happen in systems where either the tilt θ or the spontaneous polarization P s (or both) depend on the temperature nonmonotonically. However, we have to exclude both factors. In studied system tilt steadily grows with lowering the temperature and the synclinic -anticlinic -re-synclinic phase sequence is also observed in racemic compounds forming non-polar mesophases.
Thus the other interactions have to be explored as a driving mechanism for the reentrancy of the Sm C * phase. At higher temperatures one can expect negative sign of a 1ef due to the strong diffusion of molecules between layers. At lower temperatures the quadrupolar ordering can change interactions between molecules from neighboring layer.
If the molecules are considered as flat, lath-like species, their quadrupolar ordering means correlations between direction of short molecular axes. For the tilted phase as the biaxial ordering becomes more important with decreasing temperature, the molecules arrange with their short axes perpendicular to the tilt direction [8] . This type of ordering might promote the interlayer diffusion of molecules and consequently the re-appearance of the Sm C * phase.
It should be stressed that although nonmotonic dependence of a 1ef can also be observed in other tilted phases [9] , but only in the systems where the free energy part of synclinic and anticlinic interactions are similar in a broad temperature range, the free energies G α=0 (T ) and G α=π (T ) can become equal at two different temperatures, thus re-entrant phenomenon, could be observed.
When molecules order quadrupolarly as discussed, also the sign of b 1 term defining quadrupolar interlayer interactions is negative, since tilts bound to one plane are preferred and therefore the free energy has always two minima as a function of α. The behavior has been observed also in some other materials [10] . Appearance of the local minimum explains why in temperature range when the anticlinic structure is thermodynamically stable, the metastable synclinic phase can be sometimes observed.
In order to analyze hellicoidal modulations, in chiral system the Lifshitz term which account for chiral interlayer interactions should be added to the free energy.
For weak chiral interactions we can assume that α ≈ 0 in Sm C * phase, and α ≈ π in the Sm C * A phase. Minimizing the free energy with respect to α one obtains α = To account for the system interaction with electric field, the term −E ·P j is added to the free energy G, where P j is the polarization in the j-th layer. The straightforward calculations
show that the energies of the untwisted Sm C * and Sm C * A phases become equal when the electric field induced switching is observed at E th given by E th P s = a 1ef θ 2 , where P s is the spontaneous polarization. In the Sm C * A phase the threshold field E th therefore follows the a 1ef temperature dependence (Fig.4) , it is largest in the middle of the temperature (Fig.4) . For above parameters, it has been estimated that the interlayer interactions contribution to the free energy is less than 0.03% for 8PIR2 and 0.3% for MHPOBC compound, which clearly indicates that the interlayer interactions in compounds mPIRn series are much weaker than interlayer inetractions in materials without reentrant behavior.
Summarizing, the system with temperature sequence of synclinic (Sm C 
